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When an organic compound is subjected to heat, the rise in the tem- 
perature of the molecule due to the increase of its vibratory energy, finally 
decomposes it into simpler molecules. Such a cracking of organic com- 
pounds is considered to occur by breaking a link between two certain atoms 
somewhere in the molecule, since the bonds in it are not all of the same 
strength. 

The evidence so far studied has shown that in a cracking of a higher 
paraffin hydrocarbon, the rupture of a link of a C-C bond results in form- 
ing one or more molecules of an olefine hydrocarbon as a primary dissocia- 
tion of the molecule; and in case of unsaturated hydrocarbons, the C=C 
bond, being approximately twice as strong as the C-C bond, will remain 
without rupture in the molecule. 

In monocyclic compounds, such as benzene and cyclohexane, the inner 
energy of the molecule being distributed equally to all the carbon atoms 
composing the ring, the cracking of the ring compound is entirely different 
from the open chain compounds as indicated in the experiments on both 
compounds by R. Conrad and his co-workers.” 

The study of the thernial decomposition of polycyclic compounds will 
not only afford evidence for the energy distribution in the molecule, but 
also may add some important contribution to a theory for production of 
gasoline from heavy oily substances such as coal tars or petroleum. The 
present study, therefore, deals with naphthalene, quinoline, and isoquinoline 
of bicyclic compounds, and tricyclic anthracene, as they occur in petroleum 
and other tar products. 

Although naphthalene is usually represented by a bicyclic formula con- 
sisting of two condensed benzene nuclei, on reduction with hydrogen and 

nickel catalyst it is transformed into tetraline. Its 

; Tt . dipole nature being 0.7, the chemical and physical 

[ L a natures of naphthalene are represented by the struc- 

a tural formula of C. Harries and R. Willstatter®, which 
Fig. 1. has two different carbon rings, Fig. 1. S*@mSU@) Gate tumnagy 
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The theory that naphthalene molecule is represented by a formula 
consisting of two benzene nuclei considered unequal in view of energy 
distribution, is advocated by Dr. S. Kimura in his study of hydronaph- 
thalenes.” According to this hypothesis, on cracking, naphthalene , will 
yield derivatives of benzene by disruption of the more unstable one of the 
two rings. 

When naphthalene is heated in an autoclave under high pressure of 
hydrogen, the dissociation of the polycyclic compound into monocyclje free 
radicals may occur in one of two ways according to the stability of the rings: 

SN 
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The free radicals thus formed usually undergo secondary reaction to 
form complicated products. In order to minimize, if possible, the sub- 
sequent course of reaction of the free radicals produced in the primary 
decomposition, and also to intensify the cracking by the heat transfer, 
hydrogen under high pressure is used; this will saturate the free valence 
of the fragments before polymerisation can occur. When naphthalene 
(100 g.) was heated at 500° for 5 hours in the presence of calcium chloride 
with hydrogen of 80 atmospheric pressures at 0°, 60 per cent. of the sub- 
stance was cracked and the reaction product was found to consist of liquid 
and gaseous substances. The former consists of benzene and its homologues 
and the latter of methane and ethane, and their percentages in the product 
are given in Table 1. 

The theoretical yields of methane in mols with the formation of 
1 mol benzene or its homologues from 1 mol of naphthalene are as fol- 
lows: 


Table 1. With benzene 4 mols methane 


No. of mols ‘i toluene 3 ,, ” 
Substance Yield from 1 mol of 
naphthalene ” xylene 2 ” ” 


Benzene | 48 g. 9.08 The actual yield of the gaseous hydro- 
Toluene | 14.1 0.20 carbons calculated as methane is 1.3 
Xylene 18.0 0.22 mols, which agrees with 1.36 mols of 
anova owe ° a methane calculated from molar yield of 

: , benzene and its homologues based on 


(4) Mem. Coll. Sci. Kyoto Imp. Univ., A, 14 (1931), 307. 














1934] On the Cracking of Polycyclic Compounds. 305 








the theory shown above. The cracking of naphthalene under high pressure 
of hydrogen, therefore, may be represented by the following scheme when 
we take M. A. Sundgren’s® experiment on hydronaphthalene into con- 
sideration : 
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The cracking of anthracene was performed under the same conditions, 
and the compound was perfectly decomposed into 20 per cent. gaseous 
hydrocarbons such as methane and ethane, and 80 per cent. other hydro- 
carbons. The latter contained 47 per cent. naphthalene and its derivatives, 
27 per cent. benzene and its homologues, and 10 per cent. dianthracene ; the 
molar yield of benzene and its homologues is almost equal to that of naph- 
thalene and its homologues. This fact indicates that two decomposition 
reactions occur simultaneously but with different velocities, namely the 
rupture of the B-ring and one of two A-rings (Table 2) : 
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Benzene 6.4 g. 0.146 mol 
















Toluene 14.3 ,, 0.295 ,, 0.55 mol 
Xylene (0 « 0.113 ,, 
Naphthalene 158 ,, 0.22) | i 
Dimethyl- 0.58 ,, a 

naphthalene 31.3 ,, 0.357 ,, j bi 
Dianthracene 2. 0.050 ,, 0.05 ,, f 
Methane Se « 0.401 ,, ) ; 
Ethane ms 0.967 ,, § 






The hydrogenation of anthracene in the presence of a catalyst proceeds 
by adding the first two hydrogen-atoms to the B-ring, and the dihydro- 
compound thus formed will be instantly transformed into tetrahydro-com- 











(5) ‘La décomposition pyrogénée du tétranaphtaléne et du décanaphtalene.” Ann. 
Combustibles Liquides, 5 (1930), 835; and refer Ipatiew and Orlow, Ber., 60 (1927), 1950; 
62 (1929), 711, 719, 1226; 63 (1930), 2179. 
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pound. Thus, cracking of anthracene under pressure of hydrogen produces 
dihydro-anthracene, which partly decomposes into benzene homologues and 
is partly converted into tetrahydro-anthracene. This in turn is cracked 
into naphthalene derivatives. 
A NLR Pf ™ 
A|B AH,;—— A B 
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Quinoline and isoquinoline, which are bicyclic compounds, are formu- 
lated in the same way as naphthalene in which an a- or §-CH-group is 
replaced by N. 

Ill 
O@N/™% 
A B 
SNS 


Quinoline Isoquinoline Naphthalene 


Benzene nucleus A and pyridine nucleus B inthe formulas I and II may 
evidently differ from each other in the energy content, since the heats of 
combustion of benzene and of pyridine are 787 cal. and 660 cal. respectively. 

Such an assumption of the energy content of ring systems agrees with 
the fact that quinoline, when oxidized with potassium permanganate, opens 
the benzene nucleus with production of quinolinic acid, and that when 
quinoline is reduced with sodium and alcohol it takes up four atoms of 
hydrogen, forming tetrahydro-quinoline, the hydrogen atoms adding almost 
exclusively to the pyridine ring. The same phenomena occur of course in 
the case of naphthalene. 
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From these facts it is evident that when quinoline is cracked under 
high pressure of hydrogen at 450°, the pyridine nucleus in the quinoline 
molecule is reduced. The tetrahydro-compound so formed undergoes de- 
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composition into benzene homologues or aniline derivatives, as naphthalene 
gives benzene homologues. As a matter of fact, when quinoline (50g. ) 
was heated at 450° for 4 hours with hydrogen of 80 atmospheric pressures 
at 0°, 90 per cent. of the substance was decomposed and 50 per cent. was 
composed of aniline and its homologues including methyl-indole; in other 
words, 1 mol of quinoline gave on cracking 0.5 mol of aniline-derivatives, 
0.16 mol of hydrocarbons of cyclohexane and benzene homologues, and 0.21 
mol of ammonia and amines (Table 3). 


Table 3. 


Yield 
0.04 mol 
0.18 
0.06 
0.03 
0.02 
0.03 
0.16 
0.03 
0.03 
0.03 
0.04 
0.007 , 
0.006 
0.004 ,, 
Ammonia Ofl w« ORE ss 
Methane 2.70 0.44 ,, \ 
Ethane 3.00 ,, os . 3 


Aniline 
o-Toluidine 
o-Ethyltoluidine 
o-Propyltoluidine 
Methyl-o-toluidine 
Ethyl-o-toluidine 
Methyl-indole 
Cyclohexane 
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Ethyleyclohexane 
Propylcyclohexane 
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—) 


Ethyl-benzene 
Propy|]-benzene 
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0.70 ,, 


The experimental results resemble those gained from the experiments 
on the cracking of hydroquinoline by Padoa and his co-workers. 

The cracking of quinoline, therefore, will be represented by the follow- 
ing scheme in which hydroquinoline is supposed to be formed during the 
process of cracking. 

er, o™%, 
H, | H, > A 
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(6) Padoa, Carughi, and Seagliarini, Chem. Zentr., 1906, 11, 1011; 1908, II, 114. 
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To our astonishment, no traces of pyridine and its homologues are pre- 
sent in the cracking product of quinoline. Then it follows that benzene 
and pyridine nuclei in the quinoline molecule are not equivalent in energy 
content. Such a consideration on the bicyclic compound may be applied to 
isoquinoline in which benzene and pyridine nuclei occur as in the quinoline 
molecule. However, the structural difference is evidently manifested in 
the result of oxidation with potassium permanganate; quinolinie acid is 
formed from quinoline, while phthalic acid and cinchomeronic acid are 


formed from isoquinoline : 
CO.H 
CO.H CO.H 
A | B 
CO.H } 4 
N 


Thus the stability of the pyridine ring is greater in isoquinoline than 
in quinoline. 

In fact, the cracking of isoquinoline at 450° gives 5 per cent. pyridine 
and its homologues, 38 per cent. toluene and other aromatic hydrocarbons, 
about 10 per cent. of unchanged material, and 9 per cent. gaseous 
products. 

The molar yields of the cracked substances are 0.06 mol pyridine bases, 
0.4 mol aromatic hydrocarbons, and 0.65 mol gaseous bases (Table 4). 


Table 4. 
Yield 


Pyridine 


0.03 -" 


Methy!-pyridine Pa 0.03 0.1 mol 


Dimethyl-pyridine a... 


Toluene 

o-Xylene 

Indane 
Dimethyl-anthracene 
Ammonia 

Methane 


Ethane 


0.06 , 
0.20 ,, 
0.01 ,, 
0.65 


0.43 


018. I 


? _ 


The writer, therefore, suggests the following reactions in the cracking 
Of isoquinoline as the most probable : 





On the Cracking of Polycyclic Compounds. 


In conclusion, in the cracking of polycyclic compounds under high pres- 
sure of hydrogen, the more reactive ring takes first hydrogen atoms and 
the hydrogenated ring breaks before the other. There exists an optimum 
temperature for cracking which depends upon the chemical nature of sub- 
stances ; above this temperature the dehydrogenation becomes predominant. 
The manner of the ring rupture of the polycyclic compounds would be fore- 
seen from their behaviour in catalytic reduction or in other words from the 
study of the energy content of ring systems. 


Experimental. 


The naphthalene, anthracene, quinoline, and isoquinoline used in the 
experiments were all proved to be fairly pure by their physical constants 
as shown in Table 5. 


Table 5. 


M. p 


Naphthalene 216-< 81° 
Anthracene 216° 
Quinoline 225-238 1.6238 1.0894 


Isoquinoline 238-240° 1.6239 1.0984 


In the experiment, a weighed sample was introduced into an autoclave, 
and after the air in it was replaced by hydrogen, and the hydrogen gas was 
raised to the required pressure, it was heated externally to the required 
temperature by an electrical resistance furnace. 

During the reaction, the autoclave was shaken by a machine to bring 
the substances in agitated state, and changes of temperature and pressure 
during the reaction were recorded every ten minutes. 

After the reaction the apparatus was cooled. The volume of gas in it 
was measured, and the chemical composition and physical properties of the 
gas and of other reaction products were examined carefully. 
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(1). Naphthalene. When naphthalene (100 g.) was heated for 6 hours 
with a small amount of calcium chloride at 500° with hydrogen of 71 atmos- 
pheres at 0°, a fall of 11 atmospheric pressures was observed. 


TN ap hihalene_} 


~~ 
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“ —---¢- 


Mar Temp, S/o’ ¢ 
max, press. 197 olom 


Fig. 2. 


The gas in the autoclave was determined to be composed of 84.9 per 
cent. of He, 10.3 per cent. of C2He, 4.6 per cent. of CH,, and 0.2 per cent. 
of C,Hm. The reaction product (67 g.) in the autoclave consisted of liquid 
and solid substances, which were separated by filtration. The solid sub- 
stance separated from the liquid amounted to 10 g. and was found to be 
naphthalene, for, after it was purified by recrystallization from alcohol, it 
melted at 81°, and its picrate at 151°. The liquid reaction product (65 g.) 
was subjected to fractional distillation under 759.5 mm. pressure over 
metallic sodium and separated into six fractions with the physical constants 
shown in Table 6. 


Table 6. 


Fraction B. p. Yield (g.) np Remarks 





75-90 4.5 1.497 Benzene 
90-120 13.1 1.496 Toluene 
120-140 10.1 1.495 Ethy!-benzene 
140-155 3.0 1.499 o-Xylene 
155-200 4.8 1.531 
200-220 
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The fractions 1 and 2, as indicated by their physical constants. were 
assumed to be composed of benzene and toluene respectively ; the former 
was confirmed by changing it into nitrobenzene and then reducing it to 
aniline, and the latter was oxidized to benzoic acid (m.p. 121°) by potassium 
permanganate. 

The fractions 3 and 4 were supposed from their physical constants to 
be a mixture of o-xylene and ethyl-benzene. 

The fraction 5, consisting of naphthalene, xylene, and ethyl-benzene, 
was treated with picric acid in an alcoholic solution in order to separate 
naphthalene. The picrate separated from volatile hydrocarbons by distilla- 
tion under reduced pressure amounted to 4.8¢., from which pure naphtha- 
lene was isolated in a yield of 1.2g. The mixture of hydrocarbons separated 
from naphthalene weighed 3.6¢., and from its boiling point 124-145°, 
refractive index nj = 1.4981, and density d? = 0.8695, the proportion of 
xylene and ethyl-benzene was calculated to be about 7:3. Fraction 3 was 
composed of naphthalene as shown by the physical properties and also by 
the formation of the picrate. 


(2) Anthracene. Anthracene (100 g.) was heated at 500° for 6 hours 


with 10 g. of calcium chloride and hydrogen of 84 atmospheric pressures at 
0°. The fall in the pressure was 17.6 atmospheres at 0°. The gaseous pro- 
duct was composed of 89.1 per cent. of He, 3.2 per cent. of CH,, 7.6 per 
cent. of C2H., and 0.1 per cent. of C,H». From the reaction product 10 ¢. 
of solid and 74g. of liquid (d#° = 0.984, n = 1.584) were isolated. 


T Anthracene 4 


mar Temp. 513°C 
max press, 2.06 atom 
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The liquid reaction product (70 g.) was fractionated over metallic sodium 
as shown in Table 7. 


Table 7. 
Fraction B. p. Yield (g.) np ¥ Remarks 
1 75-90 6.0 1.490 0.858 Benzene 
2 90-120 13.5 1.495 0.862 Toluene 
3 120-140 1.5 1.497 0 866 Ethyl-benzene 
4 140-200 3.2 1.528 0.895 o-Xylene 
5 200-220 8.7 
6 220-240 13.5 Liquid with crystals Naphthalene 
7 240-270 13.5 
8 270-350 5.0 Resin with crystals 
9 Residue 5.1 j 


The fractions 1 and 2 were identified by their physical and chemical 
. properties with benzene and toluene respectively ; and the fractions 3 and 
4 were assumed to be mixtures of xylene and ethyl-benzene from their 
physical constants. 

Fractions 5 and 6, containing some crystals which amounted to 14.9¢. 
and showed m.p. 78°, were confirmed to be naphthalene from the melting 
point and the analytical results of the substance purified by recrystallization 
from alcohol. 


Found: C, 93.62; H, 6.29. Calc. for CyHs: C, 93.75; H, 6.25%. 


The liquid portion (7 g.), separated from naphthalene, was supposed to 
contain some alkyl-naphthalenes, and from it a-methyl-naphthalene™ was 
isolated by recrystallisation from hot alcoholic solution in the form of a 
yellow crystalline picrate melting at 116-116.5° in a yield of 3.7 ¢. 

Fractions 7 and 8, both being viscous liquids containing some solid sub- 
stances, were assumed to be mixtures of alkyl-naphthalenes ; the isolation 
of pure substances from the liquids by the formation of picrates was tried 
but only a red picrate melting at 162-172” was isolated. 

Lastly, there was a solid residue which was practically insoluble in 
alcohol, ether, and benzene, and showed a melting point 242-248° after 
purified by recrystallization from ether solution. These properties quite 
agree to those of dianthracene prepared by Graebe and Lieberman, and by 


(7) ‘‘ Beilsteins Handbuch der Organischen Chemie,’’ 4th Ed. Vol. V, p. 567 and Vol. 
VI, p. 2721, b. p. 242-243°, m.p. 37-38°, picrate m.p. 116-117°. 
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Ordendorff and Cameron,® from anthracene, and on analysis it gave the 
following results : 
Found: C, 93.85; H, 5.41. Calculated for (C,,H,).: C, 94.88; H, 5.61%. 


(3) Quinoline. When quinoline (50 g.) was heated at 450° for 4 hours 
with hydrogen of 80 atmospheric pressures, the fall in the pressure was 42.5 
atmospheres at 0° and 42.5 ¢. of a liquid substance besides a gaseous pro- 
duct was obtained. The gas was determined to be of the following com- 
position : 


62.4% He, 17.8% CHy,, 11.5% CoHe, 0.499 C,Hn. and 8.0% NHs. 


Through repetition of the same experiments four times, and after 
removal of lower boiling fractions (below 100°) by distillation, 162.5 g. of the 
liquid product was obtained. It was then treated with dilute sulphuric 
acid in order to separate hydrocarbons from bases. 

The bases were fractionated into two fractions, and the fraction boiling 
below 230° was separated by means of meta-phosphoric acid into primary 
and secondary bases. The yield of each fraction is shown below: 
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Fig. 4. 


(8) Ann. d. Chem. Spl., 7 (1870), 265; Am. Chem. J., 17 (1895). 665. 
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(a) Primary bases. This fraction (55 g.), set free from the phosphate, 


was fractionated into 5 fractions with the physical constants given in 
Table 8. 
Table 8. 


Fraction B. p. Yield (g.) nd 25 temarks 





180-190 4.8 .5736 1.0075 Aniline 
190-200 25.2 5731 0.9984 o-Toluidine 
200-210 9.8 5655 0.9842 o-Ethyl-aniline 
210-220 6.0 .5612 0.9778 o-Propy]-aniline 
: 220-230 3.0 .5623 0.9860 
Loss 6.2 


Fractionts 1 and 2, as indicated by their physical constants, are assumed 
to be composed mainly of aniline and of toluidine respectively, and it was 
confirmed by the melting points of their picrates: 164° and 212-213” respec- 
tively. 

The toluidine showed the physical constants, d? = 0.9950, and n3 = 
1.5703, and gave the following analytical results : 


Found: C, 78.37; H, 8.84; N, 12.51. Cale. for C;H »N: C, 78.5; H, 8.4; N, 13.1%. 


Fractions 3 and 4 were assumed from their physical constants to be 
composed of ethyl- and propyl-anilines, and it was confirmed by converting 
them into benzoates melting at 147-148" and 117-118° respectively. On 
analysis they gave the following results : 


Found: C, 79.49; H, 6.60. Cale. for C,,Hy;N: C, 80.00; H, 6.60%. 
Found: C, 80.03; H, 6.90. Cale. for C,;H;,N: C, 80.0; H, 7.50%. 


(b) Secondary bases. This fraction (9.6 g.) was fractionated as shown 
in Table 9. 


Table 9. 
Fraction = Yield (g.) 3 az Remarks 


196-200 : 0.9792 
200-210 2.¢ 0.9754 Methyl-o-toluidine!| 
210-220 , 0.9674 Ethyl-o-toluidine 
220-230 i a 

23u-240 

above 240° | 





Fractions 1, 2, and 3 were assumed from their physical constants to be 
mixtures of methyl-o-toluidine and ethyl-o-toluidine, and they gave the 
following analytical results : 

Fraction 2. Found: C, 78.40; H, 9.0. Cale. for CsHy,N: C, 79.35; H, 9.09%. 
Fraction 3. Found: C, 80.48; H, 8.79. Cale. for C,H,;N: C, 80.00; H, 9.63%. 
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(c) The fraction boiling above 220° was fractionated as shown in 
Table 10. 


Table 10. 








Fraction -p- | Yield (g.) nb 


—230 | 1.2 1.5624 
230-240 8.7 1.5636 R Quinoline 
240-250 3.0 1.5685 
250-260 1.5740 
260-270 | 1.5784 1.0295 
above 270° | 5.3 — -- 


} Methy]-indole 





Fraction 2 was assumed to consist mainly of quinoline from its physical 
constants, and it was confirmed by transforming it into a picrate of m.p. 
203-203.5°, and isolating quinoline (b. p. 207-208°, np = 1.640, d? = 1.0895) 
by the action of alkali on the picrate. 

The fraction boiling above 240° gave a sodium salt when heated with 
metallic sodium or sodium amide. The alcoholic solution of this fraction 
gave cherry red colour to a pine chip moistened with concentrated hydro- 
chloric acid. These facts indicate that the fraction was a mixture of 
indole derivatives. 

(d) Hydrocarbons. The fraction boiling below 100° was combined 
with the neutral part of higher boiling points separated from bases, and the 
whole substance amounted to 43g. It was fractionated over metallic sodium 
into 15 fractions as shown in Table 11. 


Table 11. 


Fraction B. p. Yield (g.) nb a Remarks 


1.4275 0.7655 

1.4291 0.7666 Cyclohexane 

1.4328 0.7780 

1.4481 0.7935 Methyl-cyclohexane 
1.4662 0.7818 

1.4661 0.8246 

1.4080 0.8245 Ethyl-cyclohexane 
1.4730 0.8341 

1.4733 0.8391 

1.4800 0.8717 Propyl-cyclohexane 
1.4928 0.8936 

1.5027 0.9031 


-70 
70-80 
80-90 
90-100 

100-110 
110-120 
120-130 
130-140 
140-150 
150-160 
160-170 
170-180 
180-190 
190-200 
Residue 
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By fractional distillation of fractions 2 and 3, fairly pure cyclohexane 
(2.1 g., b. p. 80-81°, n} = 1.4281, d® = 0.7748) and a mixture of cyclohexane 
and methyl-cyclopentane were obtained. On analysis the cyclohexane gave 
the following results : 


Found: C, 86.07; H, 13.98. Calc. for C,H,.: C, 85.71; H, 14.29%. 


Fractions 4, 5, and 6 were assumed, from their physical constants, to be 
composed mostly of methyl-cyclohexane with some aromatic hydrocarbons. 
After washing with concentrated sulphuric acid, redistillation gave a 
fraction (2.1 g.) with properties (b. p. 102-104°, n§ = 1.4358, d? = 0.7710) 
agreeing to methyl-cyclohexane, and on analysis it gave the following 
result : 


Found: C, 85.78; H, 14.10. Calc. for C;H,,: C, 85.71; H, 14.29%. 


Fractions 7, 8, and 9 appeared from their physical constants to consist 
of ethyl-cyclohexane and some aromatic hydrocarbons. After treating 
them with concentrated sulphuric acid, a fraction (1.2 g., b. p. 132-133°, 
ni = 1.4479, d? = 0.7791) corresponding to ethyl-cyclohexane was isolated. 


Found: C, 85.84; H, 13.81. Cale. for CgH;,: C, 85.81; H, 14.29%. 


Fractions 10 and 11 were confirmed to be composed mostly of propyl- 
cyclohexane. By fractional distillation after washing with sulphuric acid, 
1.5 g. of the pure substance was obtained. The physical properties and 
analytical results of the isolated compound were as follows : 


B. p. 1538-156°;  n§= 1.4751; di = 0.8347. 
Found: C, 86.00; H, 13.46. Cale. for CyH;g: C, 85.71; H, 14.29%. 


Since the residue gave a sodium salt and contained nitrogen, it was 
assumed to be an indole derivative. 


(4) Isoquinoline. Isoquinoline (50 g.) was heated at 450° for 4 hours 
with hydrogen of 80 atmospheric pressures; the fall in the pressure was 
33 atmospheres at 0°. 

The gas in the autoclave was composed of 59.2 per cent. of He, 15.9 
per cent. of CH;, 6.9 per cent. of CoHs, 0.5 per cent. of C,H,,, and 
17.1 per cent. of NHs:. The oily reaction product amounted to 40.4 g. 
(80.796). 

By repeating similar experiments several times, 282g. of the liquid 
reaction product was obtained. It was first separated from the fraction 
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boiling below 100°, and the higher fraction was then treated with dilute 
sulphuric acid in order to separate it into basic and neutral substances. 


c Lsoquinodines 


Fig. 5. 


(a) Basie substance. The basic substance (65.0g¢.) was fractionated 
into 15 fractions as shown in Table 12. 


Table 2. 


| Fraction | B. p. Yield (g.) ne & Remarks 

| 110-120 4.4 1.4928 0.9706 Pyridine 

| 120-130 2.2 1.4975 0.9360 
130-149 2.0 1.4973 0.8971 
140-150 0.9 | 1.5009 0.8982 
150-160 0.6 1.5070 0.9274 
160-170 - sn 
170-180 4.2 1.5161 0.9436 
180-190 1.6 1.5310 0.9631 Dimethyl- 
190-200 1.5454 0.9821 pyridine 
200-210 ‘ 7 
210-220 2.5 .5588 0.9911 
220-230 5632 1.0141 
230-240 5753 1.0333 | 
240-250 5860 1.0550 ! 
250-260 3.2 5911 1.0544 


Methy!l- 
pyridine 





Isoquinoline 
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Fraction 1 was composed mostly of pyridine as indicated by its charac- 
teristic odour and physical constants. Further it was confirmed by trans- 
forming it into a picrate melting at 167°. 


Fractions 2, 3, 4, and 5 were composed mostly of methyl-pyridine as 
seen from physical constants. By deriving a picrate and recrystallizing it 
from alcohol several times, 0.4 g. of pure methyl-pyridine was obtained. 
The pure picrate melted at 165°. 


Fractions 7, 8, and 9, composed mainly of dimethyl-pyridine, were con- 
verted into a picrate to isolate the pure base. The free base (3.4 g.) isolated 
showed b.p. 176-179°, nB = 1.5161, and d? = 0.9439. 


Fractions 13 and 14 were composed mostly of isoquinoline as seen from 
their physical constants. The pure picrate (4.8 g.), isolated from 4.0g. of 
these fractions, melted at 223°. The recovered free base (2.7 g.) gave the 
following analytical results : 


Found: C, 83.59: H, 6.18. Cale. for C,H;N: C, 83.72; H, 5.42%. 


(b) Hydrocarbons. The neutral substance separated from the bases 
was combined with hydrocarbons boiling below 100°, and the whole 
amounted to 203g. It was fractionated by distilling repeatedly over metal- 
lic sodium into 10 fractions as shown in Table 13. 


Table 13. 
Fraction B. p. Yield (g.) dz ni) Remarks 


100 1.5 _ 
100-110 1.0 0.7642 1.4308 
110-120 10.0 0.8240 1.4771 Toluene 
120-130 2.5 0.8511 1.4941 
130-140 2.8 0.8592 4960 
140-150 26.9 | 0.8568 5000 Xylene 
150-160 13.8 0.8687 5042 
160-170 10.8 0.8728 5025 
170-180 45.9 0.8918 -5132 Indane 
180-190 9.3 0.9155 5253 








Fractions 3, 6, and 9 were assumed from their physical constants to be 
composed mostly of toluene, o-xylene, and indane respectively. 


For the identification of the compounds occurring in these fractions, the 
substances were oxidized with potasium permanganate, and after purifica- 
tion by distillation they were analyzed with the results given in Table 14. 
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Table 14. 
Fraction 3 | Fraction 6 Fraction 9 
110-112 140-145 
1.4909 1.5009 


0.8539 0.8732 0.9370 


Acid obtained by 


eutdetion Benzoic acid Phthalic acid Phthalic acid 


Found |C, 91.41 ; H, 8.92] C, 90.76; H, 9.15 


for C-H. | for CoH yo 


Calculated C, 91.30; H, 8.70! C, 91.52; H. 8.48 


Lastly, from the final fraction two yellow crystalline substances were 
obtained, one, amounting to 1.1 g., melted at 202-206°, and the other (2.1 g.) 


at 239°. The former was confirmed from its analytical results to be a- 
methyl-anthracene. ' 


Found: C, 93.60; H, 5.89. Cale. for C,;H;.: C, 93.75; H, 6,25%. 


In conclusion, the writer wishes to express his sincere thanks to Vice- 
Admiral Y. Yoshioka, and Rear-Admiral M. Ueda, the former and the pre- 
sent Directors of the Imperial Naval Fuel Depot, and to Rear-Admiral 
Viscount M. Kawase, and Engineer-Captain R. Kinashi, the former and the 
present Chiefs of the Scientific Research and Experimental Branch, for 
their kindness in enabling him to take part in this work, and to Prof. S. 
Komatsu of the Kyoto Imperial University whose advice and encouragement 
have been invaluable, and also to Mr. G. Fujii, whose kind assistance 
enabled him to complete the experiment. 


The Scientifie and Experimental Branch, 
The Imperial Naval Fuel Depot, Tokuyama. 
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The preparation of the colloidal solutions of noble metals such as gold, 
palladium, and platinum by the action of carbon monoxide on the solutions 
of their salts was studied by J. Donau.” He obtained a red colloidal solu- 
tion of gold from auric chloride and a black colloidal solution of palladium 
from palladium chloride. As for the platinum, however, F. C. Phillips 
observed that the blackening of aqueous solutions of platinum chloride by 
the action of the gas was followed subsequently by slow deposition of 
metallic platinum. 

The present author has obtained red-coloured colloidal solutions of 
platinum by the action of carbon monoxide on the aqueous solutions of 
chloroplatinic acid. The present paper describes the experiment on this 
subject. 

Carbon monoxide was prepared by heating the mixture of concentrated 
sulphuric acid and either formic acid or oxalic acid, the latter being mostly 
used for the sake of convenience. The gas thus obtained was freed from 
carbon dioxide by passing through tubes containing caustic alkali. The 
chloroplatinic acid solution was made by dissolving the acid H2PtCl«.6H2O 
from Kahlbaum in ordinary distilled water. 

On passing carbon monoxide through the aqueous solution of chloro- 
platinic acid at ordinary temperature for a while, the colour of the solution 
changes from yellow to red. If a comparatively concentrated solution is 
used a black solution, instead of red, is obtained. The relation between the 
concentration of the starting solution and the colour of the resulting solution 
is shown in Table 1. 

It seems, however, that the colour is influenced by the conditions 
such as temperature, material of the vessel, purity of the gas, etc.. 

Red solutions thus obtained are always transparent, and have been 
proved to be colloidal by the Tyndall effect and the experiment of electro- 
phoresis. The particles have the negative charge, and the coagulation 
values are greatly affected by the valency of the positive ions. Some of the 
results obtained are tabulated in Table 2. 


(1) Donau, Monatsh., 26 (1905), 525; 27 (1906), 59, 71. 
(2) Phillips, Am. Chem. J., 16 (1894), 255. 
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Table 1. 


Colour. of resulting solution observed by 


Concentration of 
HePtCle.6H20(7o) reflected light transmitted light 


0.2 black brownish black 

0.1 black brownish black 

0.07 black reddish brown 

0.05 black purplish red 

0.04 reddish black | purplish red 

0.02 reddish black purplish red 

0.01 reddish black somewhat light red 
0.005 reddish purple light red 


Table 2. 


Coagulation values (milli-mol / litre) 


Electrolyte Red sol (Author) Black sol (Freundlich) 
0.038 g. Pt per litre 0.14 g. Pt per litre 


NaCl 100 2.5 
\ly NagSO, 100 

‘lo H2SOq — “7 0.24 
BaCle 1.5 | 0.058 
MgSO, 1.5 - 
Al(NOs3)3 0.02 

"le A'e(SOx)s 0.02 0.013 


In order to get the sol free from electrolytes it was dialyzed in distilled 
water, but the colour always changed to black by this process. The 
coagulation values were determined in the following manner. Ten cubic 
centimeters of the aqueous solutions of an electrolyte at various concentra- 
tions were mixed, respectively, with 10c.c. of the sol, and, thus, the 
minimum amount of that electrolyte sufficient to cause coagulation obser- 
vable by the naked eye within two hours was decided as the coagulation value 
of the electrolyte. Table 2 indicates the result with a red sol obtained from 
a 0.02 per cent. solution of chloroplatinic acid, and accordingly, containing 
0.038 gram of platinum in one litre. The third column in the table shows 





322 I. Sano. [Vol. 9, 


the result obtained by H. Freundlich” under nearly the same conditions 
as the above with a black sol of platinum prepared by Bredig’s method. 
Thus the red sol is more stable than the black one to the action of elec- 
trolytes. From Table 2, moreover, it can be seen that the sol is more 
sensible to the valency of the cation than that of the anion, and, 
accordingly, the particles in the sol are charged negatively. 


In order to get informations of the composition of the colloidal particles 
in the red sol, the following experiments have been undertaken. The 
colour of the sol changes from red to black by the following various treat- 
ments. (a) On standing the sol in the air, blackening takes place at the 
surface of the sol and it spreads to the bottom, generally, in less than a 
few days, producing a black sol of the ordinary appearance. (b) By bub- 
bling oxygen through the sol blackening occurs more rapidly. Hydrogen 
and nitrogen, however, show no action on the red sol. (c) On the addition 
of hydrogen peroxide the sol immediately undergoes the same colour 
change as the above, bubbles being evolved actively. (d) If the sol is kept 
in an large evacuated vessel the colour change from red to black is slow, 
taking a period of several days; and on taking it out subsequently to the 
outer atmosphere, it turns black ina short time. (e) If the sol is kept in a 
sealed test tube the red colour is stable during a considerable period. Some 
of the samples have been kept unchanged for the period of nine months 
already. 

From these experiments it was ascertained that the colour of the sol is 
affected by the oxidizing action of oxygen. The blackening of the red sol 
might probably occur as a result of the disappearance of carbon monoxide 
in the sol due to the action of oxygen. This can be confirmed by the follow- 
ing observations. (f) If heated on a water bath, the red sol, turning brown 
at moderate temperature, becomes black at about 95°C., slight bubble- 
formation being sometimes observed. (g) On mixing alcohols or aceton 
with the red sol, bubbles are produced immediately, and then the colour 
changes to black within a few hours or so. Carbon monoxide, thus, seems 
to be one of the essential components of the red sol. 

Some considerations of the structure of these colloidal particles have 
been made as follows. Since carbon monoxide is an essential component 
of the sol, an intuitive model representing the structure of the colloidal 
particles in the sol may be such as shown by Fig.1la. According to this 
model, particles are constructed with a great number of platinum atoms 
surrounded by platinum carbonyl molecules Pt(CO),. According to the 


(3) Freundlich Z. physik. Chem., 44 (1903), 152. 
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studies of Schiitzenberger and others,“ there exists such a compound as 
Pt(CO)Cle, which is so unstable in dilute aqueous solution that it decomposes 
immediately into platinum, carbon dioxide, and hydrochloric acid, but is 
considerably stable in concentrated hydrochloric acid as it forms a com- 
pound such as [Pt(CO)Cls]JH. Therefore, another structure expressed by 
Fig. 1b might be expected in the presence of concentrated hydrochloric 
acid. According to this model, a group of platinum atoms forms the centre 


of a particle and is surrounded by [Pt(CO)Cl,]-ions. Since chloroplatinic 


acid solutions used were always dilute throughout the experiment, such a 
complex compound as described above must have been unable to exist as 
a stable one, and the decomposition of it must have been inevitable. 
Moreover, if the red sol were given by the particles of this structure, the 
red sol must have been obtained with a concentrated chloroplatinic acid 
solution which might afford concentrated hydrochloric acid. The experi- 
mental results are contrary to this supposition as can be seen from Table 1. 


Now the following experiments have been undertaken. On the addi- 
tion of a small quantity of very dilute bromine water to the red sol, it 
became at once discoloured to be faintly yellow. The solution thus obtained 
never displays the Tyndall effect even immediately after mixing. But, 
if a suitable amount of bromine water is added, the solution proves to 
show the Tyndall effect distinctly after heated for a while or left over 
night at room temperature. Again, if an excess of bromine water is added 
the Tyndall effect is never observed. These phenomena may be accounted 
for in the following manner by assuming that the particles in the red sol 
are of the structure represented by Fig. 1c. 


(4) Schiitzenberger, Ann. chim. phys., [4], 21 (1870), 350; J. prak. Chem., [2], 4 
(1871), 159. Pullinger, Ber., 24 (1891), 2291; J. Chem. Soc., 59 (1891), 598. Mylius and 
Foerster, Ber., 24 (1891), 2424. 
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Some experimental facts have been reported to indicate the formation 
of platinum carbonyl] such as Pt(CQO),,, though this compound has not yet 
been isolated.“ From the general properties of the metal carbonyls, the 
compound may be sparingly soluble or insoluble in water and decomposed 
by the aqueous solution of halogens. The insolubleness in dispersing 
medium is, of course, the essential condition of colloid formation. 

Thus, the following reactions may be considered as showing the mecha- 
nisms of the formation of colloidal particles of the sol. Platinous chloride 
may be formed by the reaction, 

H,PtCl, + CO + H.O = PtCl, + CO, + 4HCI, 
and, subsequently, platinum carbonyl chloride may be formed by the 
reaction, 
PtCl, + CO = Pt(CO)Ch, 


which is immediately decomposed by water, depositing platinum of mole- 
cular dimension. This may combine, as soon as it is formed, with carbon 
monoxide existing excessively around it to produce platinum carbonyl 
Pt(CO),,. The carbonyl molecules thus formed have a strong tendency to 
condense themselves for colloid formation, and produce the red sol. Hence, 
the following equilibria may be established in the solution. 
\ ¢ H,PtCl, + 2CO + 2H,0=* Pt + 6HCI + 2COz, 
Pt + nCO — Pt(CO), . 


The following observations support the above assump- 
tions. The electrical conductivities of chloroplatinic acid 
solutions were measured at 25°C. by means of a Wheat- 
stone bridge with simultaneous recording of time. The 
carbon monoxide gas was passed through the solution with 
constant velocity. The reaction vessel was used, at the 
same time, as the conductivity cell as shown in Fig. 2. The 
capacity of the vessel was about 30 c.c. The blank platinum 
electrodes were used. Some of the results obtained are 
given in Table 3 and Fig.3. The concentration of the 
chloroplatinic acid solution was 0.02 per cent. and the 
rate of passage of the carbon monoxide gas was 3.0-3.5 
litres per hour. 





Fig. 2. 





(5) Mond, Langer, and Quincke, Chem. News, 62 (1890), 97. 
Harbeck and Lunge, Z. anorg. Chem., 16 (1897), 50. 
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Table 3. 


Time (min.) Specific conductivity (mho.) Colour of solution 
0 367.8 10° faintly yellow 

30 376.6 — 

€0 403.2 — 

90 | 454.2 slightly dark 

99 906.2 dark red 

102 941.6 red 

120 993.0 

150 998.7 


270 


The gas bubbling was discontinued, and the sol was left in the air. 








48 hrs. 1012.1 x10" | upper part black, 


lower part red 
72 hrs. 1011.4 black uniformly 





120 180 240 300 


Fig. 3. min. 


The solution is of yellow tint at the period of AB in Fig. 3. At point B 
it begins to become somewhat dark, at C it becomes red suddenly, and then 
at D the sol takes the deepest colour. If the bubbling of carbon monoxide 
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is discontinued at point D, and the red sol obtained is exposed to the air for 
a few days, it turns black at its upper layer, though it shows the same 
electrical conductivities as before. This is represented by point E in Fig. 3. 
If the rate of passage of the gas is changed, another curve as shown by 
APQDE is obtained. 

Moreover, the following facts were observed. If bubbling of carbon 
monoxide is interrupted at point B, the solution of a black tint thus obtained 
does not or hardly show the Tyndall effect then and there. But in a few 
minutes it turns orange and at the same time proves to display the Tyndall 
effect distinctly. The more distinct the Tyndall effect becomes, the deeper 
the colour turns. At last a solution of brown colour is obtained. This 
brown solution cannot be turned to red by the passage of carbon monoxide. 
The brown solution is considered to be a mixed sol of platinum and its 
carbonyl. 

It will be seen from the above observation that if bubbling of carbon 
monoxide is once interrupted, it fails to obtain a red solution. This may be 
explained as follows: It is not possible for platinum molecules to form 
carbonyl! owing to the strong tendency of the formation of platinum colloid, 
if the amount of carbon monoxide is not sufficient to produce the carbonyl. 
Thus it may be concluded that most of the particles in the red sol have the 
structure represented by Fig. lc. 


Summary. 


(1) By passing carbon monoxide gas through the dilute aqueous solu- 
tion of chloroplatinie acid, a red-coloured colloidal solution was obtained. 


(2) The red sol was more stable than the ordinary black platinum sol 
against electrolytes. 

(3) The red sol changed to the black one evolving some gas bubbles 
by the action of air, oxygen, hydrogen peroxide, alcohols, and aceton, or 
by the process of evacuation or heating. 

(4) The action of bromine water on the red sol is described. 

(5) The change of the electrical conductivity was measured in the 
process of formation of the red sol. 

(6) The structure of the colloidal particles of the red sol is discussed. 
They consist, probably, of groups of platinum carbony! molecules. 


The author wishes to express his cordial thanks to Professor J. Same- 
shima, under whose kind guidance this work has been carried out. 


Chemical Institute, Faculty of Science, 
Tokyo Imperial University. 
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PART III. RAMAN EFFECT OF a-MONO-DERIVATIVES 
OF FURAN. 


By Kichimatsu MATSUNO and Kwan HAN. 


Received July 5th, 1934. Published August 28th, 1934. 


Introduction. 


As to the Raman effect of hetero-cyclic compounds with five-membered 
rings, comparatively few papers have been published. Thiophene and 
pyrrole have been recently studied by S. Venkateswaran,” pyrrole and 
its derivatives by G. B. Bonino,” and some oxydiazole derivatives by 
M. Milone.® The present authors have investigated the Raman effect of 
furan derivatives in order to find the characteristic Raman lines associated 
with the furan ring, to find the influences exerted by the groups attached 
to it, and to confirm the molecular constitution of the furan ring. Ten 
a-mono-derivatives of furan, viz., a-methyl-furan, a-furfuryl alcohol, a- 
furfuryl acetate, a-furfural, a-furoyl chloride, methyl a-furoate, ethyl 
a-furoate, a-furfuracrylic acid, ethyl a-furfuracrylate, and tetrahydro-a- 
furfury] alcohol, were examined and the results are reported in the pre- 
sent paper. Furfural has been re-examined to compare the results with 
the data obtained by K.W.F. Kohlrausch and his co-workers“ and other 
authors. 


Experimental. 


A spectrograph with three prisms, constructed in our laboratory, was 
used in the present experiments. The dispersion obtained was 10 A. 
permm. at 4000 A. and 20 A. permm. at 5000 A., and the experiments 
were carried out over the range between these extremities. Most of the 
materials used have been synthesized in our laboratory. 


(1) S. Venkateswaren, Indian J. Phys., 5 (1930), 145; 7 (1933), 585. 

(2) G. B. Bonino, R. Manzoni-Ansidei, and P. Pratesi, Z. physik. Chem., (B), 22 (1933), 
21-44. 

(3) M. Milone, Gazz. chim. ital., 63 (1933), 334; 63 (1933), 456. 

(4) K.W.F. Kohlrausch, A. Pongratz, and R. Seka, Ber., (B) 66 (1933), 11. 

(5) S.S. Lu, ibid.; Se. Rep. Nat. Tsing Hua Univ., 1 (1931), 25; George Glockler and 
B. Wiener, J. Chem. Phys., 2 (1934), 47. 
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a-Methyl-furan® (b. p. 64°C.) was prepared by Wolff-Kischner’s method, 
that is, by dropping a small piece of potassium hydroxide into a mixture of 
furfural, hydrazine hydrate, and methyl] alcohol, under sufficient cooling 
(-30°C.). The substance obtained was washed with a saturated aqueous 
solution of calcium chloride, dehydrated over calcium chloride, and then 
redistilled over metallic sodium under the normal pressure. 

a-Furfuryl acetate” (b.p. 65°/5 mm.) was prepared from a-furfuryl 
alcohol and acetic anhydride in the presence of fused sodium acetate. 

a-Furoy! chloride (b.p. 78°/30 mm.) was made by warming a-furoic acid 
with thiony] chloride. 

Methyl] a-furoate (b.p. 57°/5 mm.) and ethyl a-furoate (m.p. 34°, b.p. 
78°/8mm.) were made from a-furoyl chloride with absolute methyl and 
ethyl alcohols respectively, in the presence of pyridine. 

A benzene solution of ethyl a-furoate (!/;. mol) was used for the experi- 
ment, as the substance is solid at ordinary temperature. 

a-Furfuracrylic acid® (m.p. 141°C.) was synthesized from furfural, 
acetic anhydride, and fused sodium acetate (Perkin’s method). The recry- 
stallized substance was dissolved in alcohol ('/;; mol) and used for the ex- 
periment of Raman spectra. 

Ethyl] a-furfuracrylate (b.p. 100°/5 mm.) was prepared by warming a 
mixture of the silver salt of a-furfuracrylic acid and methy] iodide. 

Commercial pure a-furfuryl alcohol and tetrahydro-a-furfury] alcohol 
made by Takeda, and furfural made by Merck, were used. All the liquid 
substances were purified by repeated vacuum distillation after washing and 
dehydrating. 

The results are shown in the accompanying tables I—X and graphic- 
ally in Fig. 1. In Table A, indices to tables and plates, the numbers of the 
Raman lines, and the conditions under which the spectra were taken are 
given for each substance. 

About 10 c.c. of each substance was used. In the case of tetrahydro- 
a-furfury] alcohol, the observation of the Raman lines was difficult, for most 
of the lines were so diffuse and broad that an accurate measurement was 
impossible. During the exposure under the mercury light for two or three 
hours, a-furfury! alcohol, furfural, a-furoyl chloride, a-furfuracrylic acid, 
and its ethyl ester were coloured in faint yellow or brown, so that a 
redistilled, fresh substance was necessary to continue the exposure for a 
sufficient time. Even so, most of the lines in the range shorter than 4358 


(6) Tadeus Reichstein, Helvetica Chim. Acta, 13 (1930), 345; Wolff-Kischner, Ann., 
394 (1912), 86. 


(7) L. von Wiessel and B. Tollens, Ann., 272 (1893), 303. 
(8) Adolf Baeyer, Ber., 10 (1877), 357. 
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A. could not be well observed on account of the colouration. By using a 
saturated solution of sodium nitrite as a filter the back ground of the 
plates was removed. 


The results on furfural obtained by W.K.F. Kohlrausch,® S.S. Lu,“ 
and G. Glockler and B. Wiener“” are compared with ours in Table B. 


Discussion of the Results. 


The Raman lines corresponding to the frequencies of Jv, 888, 925, 1020, 
1081, 1153, 1232, 1390, 3122, and 3153cm.", appear intense in all the a- 
derivatives of furan, which may be considered as the characteristic lines of 
these substances. The weak Raman lines in the region between Jv, 625 
and 650 cm.~, and the intense lines of Jy, 888, 1088, and 1390 cm.—, were 
observed also in thiophene, and pyrrole and its derivatives, though they 
were not observed in such good constancy as in the case of a-derivatives of 
furan. 

The lines in the region between J», 1460 and 1605 cm., seem to be 
note-worthy in the case of furan derivatives as well as pyrrole derivatives. 
In «-methy]-furan, a-furfuryl alcohol, and a-furfuryl acetate, two intense 
lines of 4v, 1507 and 1605cm., are observed, while in methy] a-furoate, 
ethyl a-furoate, ethyl a-furfuracrylate, and a-furfuracrylic acid, two lines 
of Jv, 1477 and 1572 cm.~', are observed. From these facts, it is considered 
that the frequencies of 1507 and 1605 cm. ean be attributed to the type of 


\ )-CH.—, while the frequencies of 1477 and 1572cm.", to the tye of 
0 


\ /-0€. The high frequency of 1641 cm."! in furfuracrylic acid and its 
O 


ethyl ester seems to be attributable to the —CH:CH— linkage in the side 
chain. In the study of pyrrole and its derivatives, G.B. Bonino and his co- 
worker”) have reported that the frequencies of 4, 1136 and 1466 cm.™, are 
attributed to the vibration between the two carbon-atoms in #- and A’- 
positions and CH-groups in a- and a’-positions of the pyrrole ring, respec- 
tively. And they have considered that the frequency of 1550 cm. is asso- 
ciated with the central vibration, giving a formula of pyrrole like the 
following : 

(9) Cf. (4). 

(10) S.S. Lu, Se. Rep. Nat. Tsing Hua Univ., 1, (1931), 25. 


(11) G. Glockler and B. Wiener, J. Chem. Phys., 2 (1934), 47. 
(12) G. B. Bonino and his co-worker, Z. physik. Chem., (B) 22 (1933), 42. 
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Table A. 


: | No. of 
Substance Raman 
| Table lines 
ts 
| «-Methyl-furan 638 | 148 


| No. of No. of | Width | Electric | Temper- | Time of | 
Plate of slit | current | ature | exposure 

© |(0-? mm.) (amp.) (C.) (hours) 

= jf ~ 
| 80 | 4.0 5 
72 4.2 12 
7 «38©| ) «64.0 8 
64 | 42 15 


«-Furfuryl alcohol ; 3.5 
| | 4.0 
3.8 


a-Furfuryl acetate | 4.0 

| | | 4.0 
4.0 
4.0 


| «-Furfural 4.2 
4.2 
4.0 











a-Furoyl chloride | 4.0 


Methyl «-furoate | + 3.8 
4.2 
3.8 





| Ethyl o-furoate | 38 
(in benzene) 38 


a-Furfuracrylic 4.0 
acid (in alcohol) 4.2 


4.0 





| Ethyl ape 
a-furfuracrylate | 4.0 


4.0 








Tetrahydro- 
«-furfuryl alcohol 
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Table B. Comparison of the results on furfural. 


Matsuno 
Kohlrausch Glockler 
and Han 


162 (4, b, d) 
213 (3) 
493 (1) | 503 (7) 





- | 598 (2) 
630 (2) 


749 (3d) 
775 (1d) 


881 (3) | 882 (7s) 
928 (3) | 998 (8s) 
~ | | 946 (4) 
1018 (5) 1019 (8) 
1076 (3) 1080 (7) 








1147 (5) 1156 | pe 


1212 (2) — 


- " | 1207 (1) 
1221 1223 (4d) 


—_ — _ (1275) (2) 
1369 (7) 1359 (10) 1368 (10) 
- 1384 (8) 1393 (10) 





— . 1441 (2) 


e — 1463 (10) 
1461 (7) 1461 (15) 1475 (10) 





_ ~ 1484 (1) 
1500 (2) 1561 (4) E 1568 (8) 


1665 (15) . 1668 (10b) 


1662 (3) 1683 (10) 1688 (8, b, d) 


- | 38 (3123) (4) 
2998 (3) (3151) (2) 
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Table I. 


o-Methyl-furan, C,H,0-CHs. 


No. v (cm.-!) 


24463 | q-2925 22049 | e889 

| (4-242) 22021 ’ e-917 
— 7 21962 k-2743 

| mpegs | (c-976) ? 
— | —- 21920 | 3 | e018 
= | Th gnces 21854 e-1084 
— | | Osis) 21816 3 | k-2889 
24078 | | 627 21791 e147 
24052 | k-653 one | on 
23818 |: | k-887 21751 |  k-2954 
omer | | pos 21723 e-1215 
23687 | k-1018 21705 , oc sow)? 
23621 | 6 8) | = k-1084 21586 | 3119 


23558 k-1147 aon (| | @1376 


23490 | k-1215 21549 | | 6-1389 
23471 | k-1284 | | | (k-3156) 


23436? ? i-1080 2 | 21486 | e-1452 
23329 | k-1376 | (F-15039) 
23316 | -1389 | 166 =| 0 o-1610 
23251 ke-1454 ame | (pen) 
23194 k-1511 seems 
23100 k-1605 othe 
22685 | | @-258 ane 
22595 e-343 e-2887 
29312 e-626 pecan 
22284 ' e664 19982 e-2956 
22220 1 (b, d) e-718 19937? e-3001 
22142 1 (d) e-796 


: 19815 ‘ | —-@-8128 
22083 1(d) e-855 se ; ? 
(7-912) 19785 e-3153 











21363 
21334 
20191 
20051 
20010 


ao = 


- — Oe 





dv: 253 (5d); 348 (3d); 626 (3); 654 (6); 718 (1b, d); 796 (1d); (855) (1d); 888 (3); 
917 (4); (976) (2)? ; 1018 (3); 1084 (8s) ; 1147 (3); 1215 (4); 1288 (3); 1376 (3); 1389 (6d): 1458 
(4d); 1510 (10); 1605 (6); 2745 (2); 2888 (3); 2928 (7); 2955 (2d); 3000 (1)? ; 3119 (6d); 3153 (4d). 
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Table II. 
o«-Furfuryl alcohol, CsH;0-CH,OH. 
v (cm.-') vo— Jv 


23816 I k-889 | 21979 | 1% | 959 


23783 | e922 | 21920 | 2(b,d)  e-1018 


23687 | k-1018 | 21855 | 6 e-1083 


23623 | k-1082 | 21825 | | 2880 
k-1153 21784 e-1154 


|  k-1227 | 21710 | 4 |  e-1228 
'/o(d)|  — k-1265 21669 | 1(d) |  ¢-1269 
1(d) sins 21587 4(d) | k-B118 


2(d) k-1393 21567 | 1 | 1371 


e-1390 
(k-3157) 


21463 2(b, d) e-1475 





23225 | 1(bb) k-1480 21548 | 4(d) 





23198 | 6 k-1507 


22761 | 4(d) e-177 21396 i-3120 


22517 | 1(b,d) — e-421 21363 i-3153 


22335 le e-603 21336 e-1602 


22197 ? e-741 19998 | e-2940 
19821 | e-8117 


19787 | e-8151 


22122 ? | e-816 
22051 | e-887 
22016 | e-922 


dv: 177 (4d); 421 (1b, d); 603 (7/2); 626 (2d); 741 (Od)?; 816 ('/d); 888 (3); 922 (2); 
959 ("/2); 1018 (2b, d); 1083 (6); 1154 (3d); 1228 (4); 1267 (1d) 1374 (1); 1391 (4d); 1477 
(2b, d): 1507 (8); 1602 (4d), 2876 (1d); 2940 (2b, d)?; 3117 (4); 3154 (3). 
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Table III. 


o«-Furfuryl acetate, C,Hs0-CH20-0C-CHs. 
wy(em.—') vo— dv - |v (cm.—') 


24046 k-659 22103 | e-835 
| (7-892) 


23821 k-884 
\ 22052 4 e-886 
23782 k-923 


22013 e-925 
23738 k-967 


21974 | | —-e-964 
236838 |  e-1022 


23623 k-1082 


k-1124 
(1-935) | 21784 | e-1154 


k-1152 || 21759 | k-2946 


21916 | | +1022 
21855 | e-1088 





k-1232 | 21708 | e-1230 
‘1077 || 21577 | k-3128 





k-1385 || 21545 | | @-1893 
| | (k-3160) 


k-1506 
21488 e-1450 
74-1387 i} (f-1507) 


k-1603 || 21434 | e-1504 





'p(d)| e172 21393 «| s(t, i-3123 
| | | (f-1602) 
| ] 21333 | | ¢-1605 


| 
e(d)| e815 
21193 | 1745 














22606 1/2 (d) e-332 





19993 | @-2945 


22317 +~+| 3(d) e-621 
19809 |  e-8131 


22279 4 e-659 | 
19782 | e-8156 


22193 1 (d) e 745 


Av: 72 ('/sd)?; 193 (/od)?; 315 ('/-d)? ; 332 ('/2); 621 (8d); 659; 659(4); 745 (1d)?; 
835 (1b, d)? ; 886 (5); 924 (4); 964 (1); 1022 (4); 1083 (6); 1153(1); 1231 (3); 1389 (6d); 1450 
(2d) ; 1505 (8); 1604 (6); 1745 (3d); 2946 (4); 3130 (6d); 3156 (3). 
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Table IV. 
o«-Furfural, C,H;0-CO-H. 





vy (cm.—') 


24203 k-502 | 22189 e-749 
23822 | 883 | 2163 | e776 
23774 | k-981 | 22056 | e882 
23760 k-945 | 22012 | | e926 
23687 | k-1018 | 21992 | | — @- 9.46 
23625 |  k-1080 s | 2918 | e-1020 
23550 |  k-1155 21858 | e-1080 
23500 | e-1205 35 | 21787 | 6 e-1151 
23443 2 | | 41078 36 | 21779 | 1159 
23357 i-1159 21729 | | — e-1209 








Sco wnnranrrk wn 


_ 


k-1367 21715 e-1223 
k-1398 21663 e-1275 
k-1443 21625 f-1370 
k-1464 | 21601 | ¢ |  f-1394 
k-1476 ; 21570 e-1368 
k-1485 21545 e-1398 
i-1367 21498 e-1440 
k-1569 21476 e-1462 
i-1394 F 21465 e-1473 
i-1462 7 21456 e-1482 


23338 
23312 
23262 
23241 
23229 
23220 
23149 
23136 
23122 
23054 


— ht 
no = 
a. 


— 
aw 


_ 
~ 








— ie ht et Ot 
cont noan 
= tS *» WS K& CO CO 


& 


22832 3(b,d))  f-163 21371 e-1567 
22776 4(b,d)|  —e-162 ¢ 21323 f-1672 
22725 3 | e-213 21297 ‘ ‘£-1698 
22636 » =| e802 21270 10(b) e-1668 
22435 |  ¢-508 21250 8(b, d) —-e-1688 
22340 | e598 BS 19815 4 e-1523 
22308 | | ¢-680 6. 19787 2 e-3151 











dv; 162 (4, b, d); 213 (8); 302 (*/2); 508 (7); 598 (2); 630 (2); 749(3d); T75(Id 32 
(7s) ; 928 (88) ; 946 (4). 1019 (8); 1080 (7); 1151 (6); 1159 (7); 1207 (1); 1223 (4d); (1275) (2); 
1368 (10) ; 1393 (10); 1441 (2); 1463 (10); 1475 (10); 1483 (1); 1568 (8): 1668 (10b); 1688 (8, 
b, d); (3123) (4); (8151) (2). 
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Table V. Furoyl chloride, C,H:0-CO-Cl. 


No. vy (em.-!) o— No. vy (cm.-') vo— dv 


23682 P ke-1028 16 22051 4 | ¢-887 
23626 Vo k-1079 17 21988 4 e-950 
23541 2 k-1164 i 21910 5 (d) e-1028 
23490 0(d) i-1026 19 21854 5 |  e1084 
23318 5 k-1387 21775 5(d) | —e-1168 
23245  8(b,d) —‘k-1460 21706 3 e-1232 
23146 2 (s) k-1559 21684? | Yo | e-1264 
23127 2(d) i-1389 21576 1(b,d)| —_k-8129 
23053 2 i-1463 21549 8(d) | e-1389 
22747 4 (b, dy), —s e191 (k-3156) 


(i-1769) 5 | 21479 10(d) |  e-1459 
22602 3 e-336 21377 4 e-1561 
12 22511 4 e-427 21194 (8(b,d)| —e-1744 
13 | 22386 6 e-552 21161 4(b,d)) e177? 
14 | 22153? (1(6,d)| — e-780 9 | 19810 '9(d)| — e-B128 
15 22114 |2(b,d)| —e-824 | 


Av: 191 (43, d); 336 (3); 427 (4); 552 (6); 785 (1b, d)?; 824 (2b, dy? 887 (4); 950 (4) ; 
1025 (5d); 1084 (5); 1163 (5d); 1232(3); 1254 (1/,)?; 1388 (8d); 1460 (10d); 1560 (4); 174 
(8b, d); 1777 (4%, d); 3129 (18, d), 


Table VI. Methyl] «-furoate, C,H;0-CO-O-CHs3. 


y (cm.-) vo— Jv No. vy (cm.—') vo— dv 


24468 k-237 13 23782 4 | -923 
24426 q-2962 14 23687 4(d) | k-1018 
24372 k-331 28624 4 k-1081 


24312 k-393 (i-892) 


24297 j q-3161 | 23582 4(b,d)| — k-1178 

(p-3126) | 23502 1 (b, d) i-1014 
24092 k-613 23465 3 k-1240 
24080 | k-625 23443 1 (d) i-1073 
23932 P k-773 23396 2(d) | —k-1309 


23906 ‘ k-799 (#-1126) 
23816 ke-889 23314 6 (b) k-1391 


23793 k-912 23227 8 (b) k-1478 
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Table VI.—(Concluded) 



































vy (cm.—) I vo dv No. vy (cm.—') vo— dv 

} | 
24 | 23131 4 k-1574 41 21817 |5(,d)| e121 
eS oes oe 42 21767 | 4(b,d)|  e-1171 
2 | «623120 5 k-1685 43 21747 |5(b,d)| —‘k-2958 
26 22792 |2(b,dd)| i-1724 ia or 5 | els 
a7 | (2268 | 2 (dd) Crean) 45 21632 4 | e1306 
28 | 22705 |5(b,d)| 233 vad ened 4 | = &Sl23 
29 | 29599 '/p e-339 eS) a 
300 | (22540 4 e-398 48 | 21460 | 10 (bb) e-1478 
31 | (22446 a te 49 | 21367 5 | el571 
= | oe it ld 50 | 21366 | 6 |  e-1682 
33 22320 | 2(d e-618 ‘ 
34 | 22172 aaa 0-166 1 | {51904 | 8(b) | ey434fe-1726 
35 | 22141 | 6 e-797 52 | 20094 | 1¢d) | e-2844 
36 | 22051 6 e-887 53 | 19984 | 4 | e-2954 
37 | 22027 5 e-911 54 19817 4 | e121 
38 22016 8 e-922 55 19784 2(d) e-3154 
39 | 21919 6(d) e-1019 
40 21858 6 (d) e-1080 





(k-2847) 







jv: 170 (2dd); 238 (5bb) ; 335 (*/2); 395 (4); 493 (3) ; 602 (1); 618 (2d); 770 (3d); 798 (6); 
888 (6); 911 (5); 922 (8): 1019 (6d); 1081 (6d); 1122 (5b, d); 1172 (4b, d); 1236 (5); 1307 (4); 
1390 (8b); 1478 (10bb); 1572 (5); 1583 (6); 1726 (8bb); 2845 (1d); 2956 (5b, d); 3122 (4); 
3155 (2d). 







Table VII. Ethyl a-furoate, CsH30-CO-O-CoH; . 















No. y (cm.~) I vyo— Jv No. y (cm.-') I vo— Jv 































1 24336 4 q-3052 10 23722 2 k-983 
2 24325 3(d) 9-3063 il 23714 8 k-991 
3 24290 2(d) p-3063 12 23628 3 (d) k-1080 | 
4 24228 | 2(d) p-3125 =— | 
(q-3160) 13 23582 3(d) k-l123 | 
5 24098 3 k-607 ;, oH 
6 | 23936 1 k-769 i = ’ (<9) | 
7 23839 2 | 1 k-866 - _— lp | kell | 
8 23817 / k-888 16 2330 «| «1ttCd|:StCeLITO Cd 
9 2377 3 k-927 17 23319 3 | 1386 
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Table VII.—(Concluded) 


No. vy (cm.~') o— dv | No. | »(cem.-') | Yy— dv 


a pee ey e-1178 
18 23304 k-1401 = ||_—:339 21760 | (k-2945) 


19 23228 | k-1477 40 | 21725 » |  k-2980 
20 23134 | | k-1571 41 | 21706 | e-1232 
21 23123 ey 42 21654 | | 3051 
23100 k-1605 | 21642 | | k-8063 
23 22730 e-208 44 | 21582 | k-8128 
24 22585 e-353 45 | 21552 e-1386 
| 22433 e-505 46 | 21541 | 3 | ~ k-8164 
26 | 22332 3 | e606 47 | 2ie21 | k-3184 
27 | 22251 | }f, e-687 48 | 21488 | 1% | 1450 
28 22176 | | e-762 | 21464 | | ¢-1474 

29 | 22088 | | ¢850 21367 | | “stag 
30 22078 | 4 |  fro17) 21355 | e-1683 
31 22061 €-887 21333 | @-1605 
22009 | & e-929 21224 e-1714 
33 21956 e-983 21207 | e-1781 
34 | 21944 1 e-994 20011 | Jz e-2927 
/ 21921 | 1(d)| — e-1017 19993 | e-2945 
36 | 21889 | 5 | e-1079 19889 | e-3049 
37 | 21815 |4(b,d)|  e-1128 19874 | e-3064 
38 21780 1(d)| —_k-2925 19816 | e-3122 


L 
| 


¢ on OF 
One S © 


ao or o 


oO 
rs 





o 
Co 





4) 
for) 





ol 
co 5 





aon 
= 


Benzene: 606 (6); (687) ('/.); 850 (4); 983 (2); 993 (10); 1179 (5); (1401)(2); 1583 (6d); 
1605 (5); 2945 (1); 3051 (6d); 3063 (8); 3164 (3); 3184 (3). 

Ethy! «-furoate: 208 (3, b, d); 353 (3); 505 (1); 606(?); 765 (3d); 860 (4); 887 (4). 928 
(5); 1017 (1d); 1079 (5); 1128 (4, b, d); 1179 (2); 1232 (2); 1386 (6); (1401) (2)? ; 1450 ('/.); 1476 
(8b); 1571 (1): 1583 (6d); 1714 (8); 1731 (8); 2926 (1d); 2980 ('/.) ; 3123 (3d). 


Table VIII. «-Furfuracrylic acid, C,H;0-CH:CH-CO-OH. 
(in aleoho)). 


y(em.-') dv No. y(cem.—') W— dv 


24069 :-636 5 23682 3 k-1023 
23994 ¢- 23622 if,(d)i —k-1088 
23930 77% 23551 —'1/.(b, d) k-1154 
23818 ‘ :- 9 23430 2 (b) k-1275 
23736 Is £6 23309 4 1.-1396 
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Table VIII.—(Concluded) 










| 

















No. | »(cm.-') I Y— dv No. vy (cm.—') g 4 wy—dv 
11 | 23220 6 k-1485 24 | 21733 4 k-2972 
12 | 23127 2(d) r $1889) 25 | 21655 4(d)| —_e-1288 
13 | 23063 6(d) k-1642 26 | 21585 1 k-3120 
14 22312 1/5 e-626 27 21551 | 5 e-1387 
15 | 22169 1 (d) e-769 28 21486 1 e-1452 
16 | 22089 0 e-849 29 21456 . e-1482 
17 | 22057 5 e-881 30 21363 1 | e-16%5 
18 | 21974 fy e-964 31 21297 10 | e-1641 
19 | 21917 5 e-1021 32 21254 2(d)| —e-1684 
20 | 21886 1/,(d) e-1052 33 20060 2 e-2878 
21 | 21853 1(d) e-1085 34 20015 3 e-2923 
22 | 21825 3(d) k-2880 35 19967 3 e-2971 
2 | 21781 5 (d) “202 4) 36 19815 | "Ys | e-3123 






} 















Alcohol: 849 (0); 884 (5); 1052 (1/.d); 1084 (1d) ; 1159 (5d) ; 1279 (4d); 1452 (1) ; 2879 (3d); 
2924 (5d); 2972 (4). 

a-Furfuracrylic acid: 631 ('/.d)?; (711) ('/.d)?; 772 (1d); 884 (5); 962 ('/,); 1022 (5); 1084; 
(1d) ; 1156 (5d) ; 1392 (5); 1488 (8); 1577 (2d); 1641 (10); 1634 (2d); 3121 (1). 








Table IX. Ethyl] a-furfuracrylate, C,Hs0-CH:CH-CO-0-C.Hs. 































Yo— dv No. v(cm.—') Yy— dv 
1 | 3 k-1021 14 22303? 0(d)| ¢-635 
2 23622 'g(d) «1088 15 22170 2 e-768 
3 | 23544 | 1d) k-1161 16 | 22144 2 e-794 
4 23492 | 2 k-1213 17 | 22076 I, e-862 
5 | 23441 2 k-1264 18 22051 3 e-887 
6 | 23421 3 k-1284 19 21999 1 e-939 
7 | ~ 23309 5 k-1396 20 21917 8 e-1021 
8 | 23295 8 k-1480 21 | 21857 r e-1081 
9 | 23127 1 h-1578 22 | 21778 5(d)| —_e-1160 
10 | 23061 8 k-1644 23 | 22726 5 e-1212 
11 | 22873 | 4 i-1643 24 21673 5 €-1265 
12 | 22806 | /(d) i-1710 25 | 21655 8 e-1283 
22476 | e-462 26 21577 1 e-8128 





No. 


27 
28 
“9 


31 


y(cm.—') 


21549 9 
21460 10 
21367 4 
21298 10 
21234 8(d) 
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Table I1X.—(Concluded) 


Yo— Av 


e-1389 
(k-8156) 
e-1478 


e-1571 
e-1640 
e-1704 


No. 


' 
' 


34 
35 
36 


vy (cm.—') 
20010 
19965 
19900 
19817 
19787 


1 (d) | 


2 
5 
2 


1(d) 


Yy— Av 


e-2928 
e-2973 
e-3038 
e-3121 
e 3151 


dv: 462 ('/.); 635 (0d)? ; 768 (2); 794 (2); 862 ('/.); 887 (3); 939 (1); 1021 (8); 1081 (4); 
1160 (5d) ; 1212 (6); 1265 (5); 1283 (8); 1392 (9); 1479 (10); 1575 (4); 1640 (10); 1704 (8b, d); 
2926 (1d) ; 2976 (2); 3035 (5); 3125 (2); 3154 (1). 


Z 
° 


onrnanrt OW 





} 
} 
} 


} 
| 
| 
| 
} 
} 


vy (em.—') I 


23783 
23576 
23251 
22787 
22766 
22121 
22062? 
22023 


4 (d) 

'/o (d) 

3 (d) 
2(d) 
1(d) 

3 (6, d) 
‘/o(b, d) 
| 6(d) 


Table X. 
Tetrahydro-e-furfuryl alcohol, CsH7O-CH2-OH. 


Yy— dv 


k-922 
k-1129 
k-1454 
e-161 
e-172 
e-817 
? 
e-915 


No. 


9 


11 
12 
13 
14 
15 


16 
\} 


vy (cm.—!) 


21931 
21821 
(21759 
121728 
21488 
21451 
20000 
19958 


I 
| 
2(d) | 
6 (d) | 
4(b, d)| 
4(b, d)| 
4 


9 
o 


3 (b) | 


Yy— Av 


k-2774 
e-1117 
( k-2946 
\ k-2978 
e-1450 
e-1487 
e-2938 
e-2980 





dv: 151 (2d); 172 (1d); 817 (8b, d); 918 (6d); 1128 (6d); 1452 (4d); 1487 (3d); (2774) (2d); 
2942-2979 (4b, d). 


a-Furfuryl alcohol 


ieais 


1" wats? 


a-Methyl-furan 


C,H,0-CH, 


C,H;0-CH.-OH 
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«-Furfury! acetate C,H;,0-CH.-0O-OC-CH, 


a-Furfural C,H,0-CO-H 


Methyl «-furoate C,H,0-CO-0-CH; 


Ethyl «-furoate C,H,0-CO-0-C,H, (in benzene) 


a-Furfuracrylic acid C,H,0-CH : CH-CO-OH (in alcohol) 


Ethyl «-furfuracrylate C,H,0-CH : CH-CO-0-C.H; 


eee eS SMI R EIT! UN Chih NNT A 
* LTA ee’ GM ame wee reel 2 4 ie ererwe 


Tetrahydro-«-furfuryl] alcohol C,H,0-CH.-OH 
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4yv (in em.-') —— 


HC—CH 

AN JN 

HC | CH 
H 


The frequency of 1530 cm. is only observed in the case of a-derivatives of 
pyrrole. In the case of a-derivatives of furan, however, the intense lines 
corresponding to the frequency of 1460 and 1507 cm. are observed. The 
frequency of Jv, 1460cm.~', is found also in furfural and furoy! chloride 
which do not possess —CHe— group in their molecules. The frequency of 
dv, 1450cm."', is generally considered as due to the transversal vibration of 
the —CH,— group. In the case of methyl a-furoate, ethy] a-furoate, a- 
furfuracrylic acid, and its ethyl ester, the frequency of 1478cm. is 
observed. The frequency of 1460cm."! in furoyl chloride, those of 1463 
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and 1476 cm.~ in furfural are observed. It is better not to attribute these 
frequencies in furan derivatives to the transversal vibration of the CH- 
group, for CH:2-group is not found in a-furoyl chloride and furfural mole- 
cules. So these frequencies in question and that of 1507 cm.~! in a-methyl- 
furan, a-furfury] alcohol, and a-furfury! acetate are considered as associated 
with the furan ring. Geo. Glockler and B. Wiener“ have reported quite 
recently that the frequencies of 624, 758, 878, 1021, 1078, 1156, 1378, 
and 1467 cm.~ are due to the furan ring and 1567cm.~ is attributed to the 
C=C bond. From the fact that the frequency of 1607cm.~ is found in 
a-methyl-furan, a-furfury] alcohol, and a-furfury] acetate, the formula with 
double bonds, instead of the centric formula, is supported by the present 
investigation, since the frequency of 1607cm.~ is generally accepted 
as due to the vibration of —C:C—. If we take the frequency of 1572cm.— 
in methyl a-furoate, ethyl a-furoate, and ethy] a-furfuracrylate, and the 
frequency of 1563cm.~ in furfural and a-furoy] chloride, as corres- 
ponding to the frequency of 1607cm.~! in a-methyl-furan, etc., it seems 
that the formula with double-bonds is more probable than the centric 
formula for the furan ring, at least, in a-derivatives. The further dis- 
cussion will be reported after studying the Raman spectra of furan 
itself, its 8 and other derivatives, which are now in the course of ex- 
periments. 


Summary. 


(1) The Raman spectra of the following substances have been mea- 
sured : a-methyl-furan, a-furfury!l alcohol, a-furfury] acetate, furfural, a- 
furoyl chloride, methyl a-furoate, ethyl a-furoate, a-furfuracrylic acid, 
ethyl a-furfuracrylate, and tetrahydro-a-furfury! alcohol. 


(2) The frequencies of 4v, 625 (or 650), 888, 925, 1021, 1081, 1153, 
1232, 1390, 1460 (or 1480), 1507, 1575 (or 1605), 3122, 3153 cm.~', are observed 
as the characteristic lines of the a-mono-derivatives of furan. 


(3) The frequencies of Jv, 1460 (or 1480) and 1572 cm.~", are observed in 


the type of jc, while those of 1507 and 1605 cm.“ in the type of 
O 


-CH,— 


\ Pd 


O 


(13) G.Glockler and B. Wiener, J. Chem. Phys., 2 (1934), 47. 
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(4) It is shown that the investigation supports the formula with 
double bonds in the case of a-mono-derivatives of furan. 


The authors express their thanks to Ass. Prof. T. Nozoe for his kind 
help and advice in the work of synthesis of the materials. 
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Sec. XII. The Colour Reactions of the Sericin Solution. 


For the aqueous solution of sericin the biuret, xanthoproteic, and 
Millon’s reactions have been long known. 


(1) The Biuret Reation. This reaction of sericin was completely in- 
vestigated by R. Inoue“. He applied it for the determination of ‘‘ kaijo’’ 
of cocoons, because the tinge of colour produced in the biuret reaction varied 
with the ‘‘ kaijo’’ of cocoons. 


(2) The Yellow Colouration. An almost colourless or a slightly 
yellowish solution is obtained when the white cocoon layer is boiled with 
water. M. Oku“) investigated the colouring matters of the cocoon layer and 
showed the existence of a flavone-like glucoside in its alcoholic extract. As 
the colourless glucoside gives yellow colour by hydrolysis, the colour of the 
aqueous solution of the cocoon layer may be produced partly by the hydrolysis 
of this substance during the boiling of cocoonsin water. And this yellow 
colouration was also produced by the addition of alkaline substances (NaOH, 
ammonia, etc.) to. a cold aqueous solution of sericin. But we can easily get 
the yellow colouration by adding a small solid mass of quick lime to a sericin 





* Continued from p. 302 of this volume. 
(41) R. Inoue, Bull. Seric. and Silk Ind. Japan, 3 (1931), 171. 
(42) M. Oku, J. Agri. Chem. Soc. Japan, 6 (1930), 1103. 
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solution. The aqueous or alcoholic solution obtained from the cocoon having 
good ‘‘ kaijo’’ Showed generally lighter colouration than the one having 
bad ‘‘ kaijo’’. By adding quick lime to an alcoholic solution of glycocoll a 
similar beautiful colouration resulted, but its colour turned to violettish 
gray in about ten hours at room temperature. 


(3) Engel’s Colour Reaction. E. Hiratsuka“*) showed that amino-acids 
and other nitrogen compounds existed in the silk gland, and also R. Inoue 
noticed that in the sericin solution there was a free or a loosely combined 
amino-acid giving a weak ninhydrine reaction. 


The characteristic blue colour reaction of the glycocoll solution with 
phenol and sodium hypochlorite solutions was found by Engel and is called 
Engel’s reaction. As shown by O. Friith™ the blue colouration is given not 
only by glycocoll, but by-many other substances like ammonium salts and 
biuret. Glycocoll, however, gives the deepest blue colour which is stable 
during a few days. The alcoholic solution of sericin also gave Engel’s reac- 
tion, but the colour was rich in greenish tinge like that given by ammonium 
salts. The difference in depth of colour was hardly recognized with the 
difference in ‘‘ kaijo’’, though bad ‘‘ kaijo’’ was apt to show somewhat 
deeper colour. From these results it can be seen that the blue colouration 
given by the alcoholic solution of sericin is similar to those given by solu- 
tions of glycocoll, aspartic acid, and ammonium oxalate, which give all 
violet fluorescence under ultra-violet rays. As it was mentioned in the 
introduction, R. Inoue observed that glycocoll and aspartic acid were 
contained in a large amount in the sericin from the inner layer of cocoons. 


(4) Markris’ Colour Reaction. Markris (1931)“ detected a minute 
quantity of ammonia by using a5 percent. solution of tannin and a 20 per 
cent. solution of silver nitrate. When this reaction was carried out with 
an alcoholic solution of cocoon layer, a very slightly whitish turbidity took 
place first, and then slightly brownish dark yellow colour followed in five 
minutes. But the development of the colour was not so quick as in the 
case of free ammonia. 


(5) Colour Reaction with Concentrated Sulphuric Acid. When 0.5c.c. 
of an alcoholic solution of sericin, after adding three drops of a 3 per cent. 
alcoholic solution of a-naphthol, was thoroughly mixed with 5c.c. of cold 
75 per cent. sulphuric acid, a yellowish green colouration took place. If a 


(43) E. Hiratsuka, loc. cit. 
(44) O. Friith, Biochem. Z., 240 (1931), 56-61. 
(45) Markris, Z. anal. Chem., 84 (1981), 241-242. 
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carbohydrate were present in solution, violettish red or red colouration 
would develop as modified Molisch reaction. Glycocoll and ammonium 
oxalate gave a colouration similar to that of sericin. 


(6) Arginine Colour Reaction. When two drops of a 0.1 per cent. 
alcoholic solution of a-naphthol and a few drops of a 5 per cent. sodium 
hypochlorite were added to 3c.c. of a sericin solution, a deep brownish red 
colouration took place. The sericin solution obtained from cocoons of good 
** kaijo’’’ gave more intense colour than that from cocoons of bad “‘ kaijo’’. 
From these results it is probable that flavone-like compounds, free amino- 
acids like glycocoll and aspartic acid, and ammonium salts like ammonium 
carbonate and oxalate, are contained in a very minute quantities in the 
aqueous solution of sericin obtained by boiling cocoon layers in water for 
30 minutes, and that the solubility of sericin in water depends partly on the 
basic groups like arginine-group which have intimate relation with water 
molecules. 


Sec. XIII. The Gold Number of the Sericin Solution. 


The protection of less stable sols by organic sols was first definitely re- 
cognized by E. von Mayer and Lottermoser in 1897. Lottermoser reached 


the conclusion that on addition of a very stable colloid, such as albumin, 
gelatin, and gum arabic, to a silver sol, no precipitation is caused by 
electrolytes before the stable colloid is gelatinized. The degree of protec- 
tion is expressed by the ‘‘ gold number’’, that is the weight in mg. of a 
colloid which just fails to prevent 
Table 66. the change from red to violet when 
Colloid Gold number le.c. of a 10 per cent. solution of 
sodium chloride is added to 10 c.c. 
Gelatin 0.005-0.01 of a gold sol (0.0053-0.0058 per cent.). 
Casein (in ammonia) | 0.01 Some examples are quoted from 

| Segetumin 0.16-0.25 Zsigmondy’s table in Table 66. 
| Gum arabic 0.15-0.25, 0.5-4.0 K. Yamamoto (1929)“ investi- 
gated the protective action of sericin 
precipitated by alcohol and observed that the gold number of sericin was 
approximately equal to that of gelatin. He also noticed that the protective 
action of sericin obtained from inner layer of cocoons was less than that of 

sericin obtained from outer layer. 

From many investigations we can reach the conclusion that the stability 
of colloid particles depends mainly on the chemical factor conditioned by the 


(46) K. Yamamoto, Reports Gunze Phys. Chem. Lab. Japan, 4 (1929), 23-27. 
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constitution of colloid particles and on the electrostatical factor conditioned 
by adsorption and hydration. 


S. Liepatoff (1930) considered that the stability of colloidal particles 
depends on their charges and the degree of saturation of their surfaces. 
To the protective action of colloids, C. Marie and N. Marinesco (1931) gave 
an explanation that the colloid particle is covered with the polarized pro- 
tecting body and becomes similar to the latter in its behaviour.“” 


The data obtained are given in Table 67. From my results it can be 
seen that the gold number of sericin is nearly equal to that of ezg-globulin 
(0.02-0.05), gelatin (0.007-0.06), and amorphous albumin (0.03-0.06), and 
that it depends on the concentration of sericin and also on the ‘‘ kaijo’’ of 
cocoons at the constant pH value and temperature. 


Table 67. Effect of concentration on the gold number of sericin (at 30°C.). 


Good ‘“ kaijo”’ Mid. ‘‘ kaijo ”’ Bad ‘‘ kaijo’’ 
Conc. (%) Gold numb. Conc. (%) Gold numb. Cone. (%) Gold numb. 


0.075 0.03 0.095 0.0285 0.07 0.0385 
0.10 0.03 0.10 0.03 0.125 0.0312 
0.12 0.027 0.15 0.03 0.15 0.030 
0.20 0.020 “Can 0.021 0.23 0.023 
0.21 0.021 


n 
(1) Effect of pH. The gold number of sericin is maximum at the iso- 
electric point as shown by Fig. 27. 


| 
Table 68. 6-03 


GN. 


pH giving maximum 
gold number 002 


** Kaijo”’ 
Good 4.20 
Middle 


Bad 


0 
3-5 4-0 


Fig. 27. 


(47) C. Marie and N. Marinesco, Compt. rend., 192 (1931), 92-94. 
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(2) Effect of Temperature. As already stated, the aggregation of 
sericin micelle varies with temperature, so its protective action must be 
raised with it. Above 60°C. sericin particles exist in sol-form, and the pro- 
tective power increases remarkably as shown in Table 69 and in Fig. 28. 


Table 69. Effect of tempera- 0-04¢ ¢.N 
ture on gold number. : 
Good Mid. Bad 0-03 

0.1% 0.11% 0.085% | 


0.030 0.033 | 0.0875 | 0-02 
0.03 0.0325 0.03875 
0.025 0.028 0.030 


0.012 0.019 0.0248 0-0} 
0.01 0.016 0.0215 ad 40 Temp (c) 
Fig. 28. 


(3) Effect of Aging. The gold number of sericin increased on aging 
the solution, probably because the sericin particles formed larger aggre- 
gates of less protective power. 


Sec. XIV. The Protective Actions of the Sericin Solution. 


(1) The Emulsifying Properties of the Sericin Systems. When a liquid 
immiscible with water is shaken with an aqueous solution of sericin, a very 
stable emulsion results. On standing for a few days the emulsion creams 
in a separate layer. In the following experiments each emulsion was made 
with 5 c.c. of a sericin solution and 10c.c. of an immiscible liquid in a test- 
tube with a diameter 2cm.. Such test-tubes were stoppered and shaken 
by a shaking machine for half an hour, and then, after giving two hundred 
shakes by hand, they were set aside. The volume of stable emulsions 
was read from time to time. 


(a) Effect of Concentration of Sericin. First I investigated how the 
emulsifying properties vary with the sericin content. Experiments were 
carried out by mixing the sericin solutions (0.08-0.8%) with various liquids 
in the manner described above. The results are given in Table 70, where 


the emulsifying power is expressed by the formula + x100, V being 


the initial volume of emulsion (15 ¢c.c.), and v the volume of aqueous layer 
separated from the emulsion after a definite time. 
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Table 70. Benzene and good “ kaijo.’ 





Conc. of Emulsifying power 






sericin (%) 10 min. 30 min. 60 min. 120 min. 













0.802 98.87 97.73 97.16 96.59 
0.65 100.0 99.14 97.99 97.65 
0.484 100.0 99.95 99.92 99.89 
0.32 100.0 100.0 100.0 | 100.0 
0.26 100.0 100.0 | 100.0 | 100-0 
0.084 100.0 98.13 96.25 96.25 







At the low concentrations (from 0.25 to 0.35 per cent.) the emulsifying 
power of the sericin solution was strongest and it diminished gradually 
with time, following a monomolecular reaction. After two hours there was 
no remarkable change in it. 

These results are expressed in Fig. 29. Sericin had a maximum emul- 
sifying power for liquids examined and the position of the maximum seems 
to depend on their dielectric constants (Table 71). 










Table 71. The emulsifying powers of 
various sericin systems. 







Cone. (%) CCl, CHCl, | Poupa oil Olive oil 








85.12 
94.12 
100.0 


74.11 
84.78 
87.22 


95.51 
94.12 
93.34 


0.802 
0.65 
0.48 


92.14 
90.74 
89.79 
0.32 86.52 92.14 92.53 100.0 
0.26 85.39 90.76 93.01 96.25 
0.08 73.52 87.94 97.50 93.34 


















0-2 06 e8 





0-4 
Fig. 29. 


















At the constant concentration, sericin obtained from cocoons having 
good ‘‘kaijo’’ hada greater emulsifying power than that obtained from 
cocoon having bad ‘“‘ kaijo’”’. This may be due to the difference in adsorp- 
tion of sericin particles on the interface of liquid particles. Pupa oil mani- 
fested a reverse relation. 















(b) The Adsorption of Sericin on the Interface. In order to de- 


termine the extent of adsorption of sericin on the interface of the 
emulsion, analyses of the aqueous phase before emulsification were 
compared with those of the first few c.c. of the aqueous phase that 
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separated from the emulsion. The micro-Kjeldahl-method for determina- 
tion of nitrogen in proteins was used to determine the sericin content. The 
results are shown in Table 72. — 


Table 72. 
Nitrogen content in mg. perc.c. (For good ‘‘ kaijo’’). 


_ Benzene Chloroform 
Original ' 
solution Separated «oe a Emuls. Separated 
solution Difference power | solution 


Emuls. — 


liffe . 
I iierence power 


1.290 1.213 0.077 96 1.135 0.155 95 
1.071 0.976 0.095 97 | 0.937 0.134 94 
0.785 | 0.626 0.159 99.9 | 0.665 0.120 93 
0.528 | : 0.455 0.073 92 
0.428 we ~ 0.357 0.071 90 
0.143 | 0.075 0.068 | 96 0.107 0.036 87 





It can be seen that sericin was taken from the aqueous phase and con- 
centrated on the interface of the emulsion, and that oil particles were 
stabilized by the accumulation of sericin particles on their interfaces. 


(c) Effect of pH. The emulsifying power of sericin depends further 
on the hydrogen-ion concentration of the medium, for the state of aggrega- 
tion of sericin is remarkably influenced by the pH value. 

Fig. 30, showing the influence of pH on emulsifying property of 
the sericin solution, shows that, if pH of the sericin solution is near the 
isoelectric point, the least stable emulsion is formed. The pH values 
corresponding to the minimum emulsifying power are given in Table 73. 


Table 73. EP 


. ree (Y 
C.H,-H.O | Pupa oil-H.O looy 7%) 


“* Kaijo”’ 
emuls. emuls. 


Good pH 4.0 pH 4.3 
Middle 4 


Bad 4.8 
4 45 5 


Fig. 30. 


In the cases of CCl,, CHCls, CsHe, and aniline the same results were 
obtained, but benzene did not produce an emulsion at the more acid side 
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than pH 3.5. Change of pH of the sericin solution affects its emulsifying 
properties in a manner closely related to the effect of change of pH on the 
surface tension and viscosity of the s ricin solution. 


(2) The Protective Action of Sericin against the Oxidation of Pyro- 
gallol in the Presence of the Purpureo-salt. With Prof. Y. Shibata I in- 
vestigated the oxidase-like action of complex cobalt salts, and found that 
the aqueous solution of pyrogallol was catalyticcally oxidized in the presence 
of the purpureo-salt, pentammine cobalt chloride, even in a very small con- 
centration and it became gradually brownish yellow.“ 

Taking the colour as expressing the degree of oxidation, the colour 
developed in 15 minutes in a number of solutions, prepared by adding 
0.1¢.c. of a10 mg. mol. solution of purpureo-salt to 10 c¢.c. of a 1mg. mol. 

solution of pyrogallol with the addi- 
tion of sericin in various concentra- 
tions, were compared by a colori- 
meter with that of a standard 
solution prepared similarly but 
without sericin. Sericin protected 
pyrogallo! from oxidation catalysed 
by the purpureo-salt, the height 
(A in Fig. 31) of the solution 
at the colorimeter increasing 
with increasing concentration of 
sericin. The sericin solution ob- 
tained from cocoons of good 
0 o2 0-4 o6 08 *‘kaijo’’ had stronger protective 
we power than that obtained from 
cocoons of bad ‘‘ kaijo’’, as in the case of the gold number of sericin. 


(3) The Protective Action of Sericin against the Decomposition of 
Hydrogen Peroxide in the Presence of Platinum Sol. It was early re- 
cognized by Groth that gelatin possesses a power to protect hydrogen 
peroxide from decomposition catalysed by platinum sol. Sericin showed 
a protective action against the decomposition of hydrogen peroxide (Fig. 32). 

As it is well known, the decomposition of hydrogen peroxide in the 
presence of platinum sol is a mono-molecular reaction expressed by 


2.303 - log a 
t a—x 


K = 


(48) Y. Shibata and H. Kaneko, J. Chem. Soc. Japan, 44 (1922), 833-884. 
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Table 74. Reaction velocity 
constant, K x 10°. 


Volume of sericin added (c.c.) 
t (min.) | 


"7 
«f 


| 
0 a a he 2 
5 30.24 | (24.40)| (15.85) | (12.42) 
10 | 30.33 | (26.43)| (17.48)! (17.61) 
15 31.67 | 27.16 | 25.00 | 19.09 | 
$2.29 | 28.51 | 25.07 | 18.30 | 
25 | 33.83 | 29.74) 24.84 | 19.18 | 


30 33.19 | 30.50 | 24.00 | 20.70 Time ( mia.) 
60 32.96 | 30.25 | 24.93 | 20.74 | 20% 


wa : 60 
mean | 32.07 | 29.23 | 24.77 | 19.59 Fig. 32. 


where K is the reaction velocity constant, « and a are the quantities of 
oxygen evolved at time ¢ and at infinite time ¢.. respectively. 

The reaction velocity constant was found to be reduced by the addition 
of sericin as shown in Table 74. The velocity constant K was inversely 
proportional to the concentration of sericin in low concentration. 


Table 75. Effect of aging. 
Pt-sol, 0.5 c.c. ; sericin, 0.5 c.e. 


, 


Time of Good ‘“ kaijo”’ Bad ‘‘ kaijo.’ 
aging . _ — 
(min.) | 0.44% | 0.438% | 0.82% 0.42% | 0.35% 





0 1.40 | 1.53 | 2.22, 1.81 | 2.28 
40 1.59 | 1.63 | 2.41 | 211 | 2.52 
90 1.70 1.80 2.50) 2.13 2.65 
1.62 | 1.71 2.88 | 1.98 | 2.45 
1.25 | 138) 1.97 | 1.52/| 2.01 
0.81 | 0.85 1.55 1.00 | 1.58 

0.67 | — _ - Fig. 33. 


On aging the sericin sol at 13°C., its protective action against the 
decomposition reached a minimum value (Table 75 and Fig. 33). Near this 
point, many physico-chemical properties of the sericin solution showed also 
remarkable changes. 

(To be continued.) 








